[Abstract] These instructions refer to obtaining fast and low-labour estimates of ground cover, leaf area index and green biomass for a large number of plots, as those encountered in cereal breeding programs. The procedure includes obtaining the pictures in the field and processing them once downloaded to a computer.
A. Acquiring the images in the field 1. Predefine the structure and order of the series of photographs.
In order to facilitate the identification of each image, the plots of the field trial must be photographed following a predefined plan (Figure 1 ). The plan must also specify the number of photographs to take at each plot, a decision that would depend on the area/ size of the plots and their internal heterogeneity. For of photographs may be between 3 and 5 depending on the internal heterogeneity of the plots. If a plot is highly regular, a lower number of pictures may be representative.
On the other hand, plots with different plant densities will need more pictures in order to account for all the plants contained in it. It is advised to include regularly in the series of photographs some additional pictures to help confirm the identification of the neighbouring images. For instance, pictures of some label, the perspective of the field trial from the current position, etc. will be useful for verifying the position of each photograph within the field when they will be downloaded for analysis.
2. Camera settings.
The camera settings can either be left to the default options or optimized according to the photographer's criteria but must be the same for all pictures. Under stable lighting conditions the settings can be set to automated mode. The focal length is not expected to have a remarkable effect on these assessments.
The zoom should be fixed -the same for all pictures -to one position which allows a wide view of the plot without including any part external to the sampled plot -e.g.
neighbour plots, spacing between plots, photographer's feet, etc.
The images can be saved in JPG format, at an image size equal or larger than 1024 x 768 pixels. The only problem with large images is that they require more memory in the camera and will take longer to process in the computer.
Taking the pictures.
The photographer will follow the plots according to the sequence specified in the sampling plan. The camera must be held oriented zenithally -that is, aiming exactly downwards. The pictures can be obtained holding the camera with one hand, with the photographer's arm fully extended ahead, above the canopy, at shoulder height. Care must be taken to not include the photographer's feet in the image. Also, the gap between two plots should not appear in the picture.
B. Processing the images
Once the images are downloaded to the computer, image-processing software must be used for calculating one or more vegetation indices for each of the images. The easiest index to quantify and to interpret is the Green Fraction (GF), which in early stages of the crop is closely related with ground cover and it can be calculated as the proportion of green pixels to the total number of pixels of the image.
GF = green pixels/total pixels
The recommended scope for using this method in winter cereals is for early stages above Then it will calculate the GF corresponding to each photograph and it will write the results in an output file for the whole list of photographs. Optionally, the user can indicate the path followed to obtain the pictures, which will facilitate identifying the genotype at each plot. As an alternative to BreedPix, most tools for quantitative image analyses (e.g. ImageJ, Fiji, etc.) include methods for counting how many pixels lay on a given range of colours and this feature can be used to quantify green pixels on individual images or portions of the image.
C. Indirect assessment of LAI and Green Biomass
The image-processing software will calculate a vegetation index for each picture which is strongly correlated with both LAI and Green Biomass. In order to obtain an estimate of the including bread wheat, triticale and tritordeum, at two different dates before anthesis.
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